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@ Transparent polyester container and process for producing the same. 

@ The transparent container is spedflcafly obtained from polyester and is Improved In transparency at 
high temperatures. It b useful for a cooking container to use in an oven. 

It is produced by melt-molding a co polyester resin comprising 75 to 98 molar % of repeating units of 
an ester of terephthaiic acid with 1,4-butanediol with the balance mainly comprising repeating units of 
an ester of terephthaiic add with an alkylene oxide adduct of a bisphenol compound, rapidly cooling 
the molding to prepare a sheet having a low crystal! inity, maturing the sheet at a temperature selected 
so as to meet a requirement represented by the following formula (1) to prepare a sheet satisfying a 
requirement represented by the following formula (2) and subjecting the sheet to transforming 
through the use of a cavity mold at a temperature falling within a range represented by the following 
formula (3) : 
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wherein Ta is the maturing temperature fC), 
Tb is the cavity mold temperature (*C), 

Tec ts the cold crystallization temperature fC) of the resin as measured at a temperature rise rate of 
10*C/min by differential thermal analysis according to JIS K7121, 

Tm is the melting point fC) of the resin as measured at a temperature rise rate of 10°C/min by 
differential thermal analysis according to JIS K7121, and 

(AHcc). is the quantity of heat (J/g) of edd crystallization of the sheet after maturing as measured at a 
temperature rise rats of 10*C/min by differential thermal analysis according to JIS S K7121. 
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The present invention relates to a polyester container and a process for producing the same, and more 
partfcularty to a polyester container having a high crystailinity and excellent transparency and thermal distortion 
resistance even in a heating atmosphere of a high temperature and a process for producing the same. 

In recent years, polybutyiene terephthaiats (PBT) has been widely used also in the field of packaging whe- 
5 rein the package comes into contact with chemicals and foods, because it is excellent in the mechanical proper- 
ties and in the chemical resistance, resistance to permeation by gas and thermal resistance. 

The PBT, however, brings about whitening upon being thermofbrmed due to its high crystailinity, so that 
a container having excellent transparency cannot be produced from the PBT. 

It is possible to enhance the transparency of the PBT through the introduction of other structural units in 
10 the polymer per se to prepare a copolymer for lowering the crystailinity. Containers produced by this technique, 
however, promote crystallization upon being heated and are apt to become opaque. Further, when the 
copolymer is amorphous as a whole, the properties inherent in the PBT are lost and in particular the strength 
and thermal resistance are remarkably deteriorated. 

Thus it is very difficult for containers produced by the thermoforming of PBT or a copolymer of PBT to have 
13 excellent properties derived from the crystailinity, particularly both of thermal resistance and persistent trans- 
parency. Therefore, a container having both the above-described properties has earnestly been desired in the 
art 

The present inventors have made intensive studies with a view to solving the above-described problem 
and, as a result, have found that the use of a starting polymer comprising a polybutyiene terephthalate 

20 copolymer having a given amount of particular comonomer units introduced thereinto and the treatment of a 
sheet prepared from this copolymer under a particular condition followed by molding makes it possible to pro- 
vide a container having both transparency and high crystailinity and capable of maintaining the transparency 
and the thermal resistance in a heating atmosphere, which has led to the completion of the present invention. 
Accordingly the present invention relates to a process for producing a transparent polyester container, 

25 characterized by melt-molding a oopolyester resin comprising 75 to 98 molar % of repeating units of an ester 
of terephthalic acid with 1,4-butanediol with the balance mainly comprising repeating units of an ester of 
terephthalic add with an alkyfene oxide adductof a bis phenol compound, rapidly cooling the molding to prepare 
a sheet having a low crystailinity, maturing the sheet at a temperature selected so as to meet a requirement 
represented by the following formula (1 ) to prepare a sheet satisfying a requirement represented by the following 

30 formula (2) and subjecting the sheet to thenrtofomiing through the use of a cavity mold at a temperature falling 
within a range represented by the following formula (3); and a transparent polyester container produced by said 
process, which has a relative crystailinity of 50% or more and, in a heating atmosphere of 120°C, has a heat 
distortion resistance and maintains a haze value of 20% or less: 
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wherein Ta is the maturing temperature fC), 
Tb is the cavity moid temperature (°C), 

Toe is the cold crystallization temperature (°C) of the resin as measured at a temperature rise rate of 
45 10°C/min by deferential thermal analysts according to JIS K7121, 

Tm Is the melting point (°C) of the resin as measured at a temperature rise rate of 10°C/min by differential 
thermal analysis according to JIS K7121, and 

(AHcc), is the quantity of heat (J/g) of cold crystallization of the sheet after maturing as measured at a tem- 
perature rise rate of 10°C/min by differential thermal analysis according to JIS K7121. 
so The oopolyester used in the present invention comprises 75 to 98 molar % of structural units represented 
by the following general formula (0 and composed of an ester unit of terephthalic add with 1,4-butanediol with 
the balance mainly comprising repeating units of an ester of terephthalic add with an alkylene oxide adduct of 
a bisphenoi compound: 

55 
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-C -/oVc-0-CH,CH a CH,CH s -0- (I) 



Starting compounds necessary for forming the copolyester used in the present invention wOl now be des- 
cribed in due order. At the outset, a starting compound necessary for forming a terephthaJoyi group is 
terephthaJic acid or its derivative, and examples of the derivative include diaJkyi esters and diacyi derivatives. 
10 Among them, terephthaJic acid and its diaikyt esters are preferred, and dimethyl terephthaJate is particularly 
preferred. 

A diol for forming a butyiene terephthaJate unit of the copolyester is introduced through the use of 1,4-bu- 
tanedio! as a monomer material. 

In order to form the copolyester, it is necessary to use an alkyiene oxide adduct of a bisphenol compound 
is as a starting compound besides the above-described starting compounds. 

Preferred examples of the alkyiene oxide adduct of a bisphenol compound include those represented by 
the following general formulae (II) and (111): 



20 



25 



30 




wherein R groups may be the same or different from each other and mainly comprises a group selected from 
among -CH 2 CHr. -CHiCHjOCHjCHj-, -CH(CHj)CHr and -CH 2 CH(CH3>. 
35 In the above-described formulae, X is mainly a group selected from among -0-, -S-, -SOr, -SO-, 

z z I 

-co-, -I- - -c-^-f- 

■III 

(wherein Z groups may be the same or different from each other and each a group selected from among hyd- 
45 rogen, an aJkyf group, a cydoalkyt group, a halogenated alkyl group and a phenyl group), 

and an alkyiene group. 

In the above formulae, Y, to Y« may be the same or different from each other and each mainly a group 
55 selected from among hydrogen, an alkyl group, an aJkoxy group, chlorine and bromine, and particularly pref- 
erably hydrogen. 

Specific examples of the starting compound include alkyiene oxide adducts of bisphenol compounds, such 
as bis(4-hydroxypheny1) suifone, W-bis(4-riyAoxyphenyl)propane, bo(4-hydroxypherryl) ketone, bis(4-hyd- 
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roxyphenyi) sulfide, bis(4~hydroxyphenyl) sulfoxide, bis(4-hydroxyphenyf) ether, bis(4-hydroxyphenyl)me- 
thane, bis(4-tydroxyphenyl)-cyciohexane, bis(4-hydroxyphenyt)cydoaikane, bis(4-hydroxyphenyl)alkane, 2,2- 
bis-(3,4'-hydroxyphenyl)propane, 2,2-bis(4-hydroxyphenyl)hexafluoropropane, 4,4'-diphenol, 

4,4 r -{1,4-pheny1enebis(1-methylethylidene)]bisphenol, 1,1-bis(4-hydroxyphenyl)-1-phenylethane, 2,2-bis(3,5- 

s dimethyl-4-hydroxyphenyl)propane, 2j2-bis(3,5^ibromo-4-hydroxyphenyl)propane. bis(3,5-dimethyl-4-hyd- 
roxyphenyi) sulfone, and bis(3,5-dibromo-4-hydroxyphenyt) sulfone. 

Among them, an ethylene oxide (2 mo!) adduct of bis(4-hydroxyphenyl) sulfone, a propylene oxide (2 mol) 
adduct of bis(4-hydroxyphenyl) sulfone, an ethylene oxide (2 mol) adduct of 2 t 2-bia(4-rtydroxyphenyl) propane, 
a propylene oxide (2 mol) adduct of 2,2-bis(4-hydroxyphenyl)propane, an ethylene oxide (2 mol) adduct of bts(4- 

10 hydroxyphenyl) sulfoxide, a propylene oxide (2 mol) adduct of bis(4-hydroxyphenyl) sulfoxide, an ethylene 
oxide (2 mol) adduct of bis(4-hydroxyphenyf ) sulfide, a propylene oxide (2 mol) adduct of bis(4-hydroxyphenyl) 
sulfide, an ethylene oxide (2 mol) adduct of bis(4-hydroxyphenyl) ether, a propylene oxide (2 mol) adduct of 
bis(4-hydroxyphenyl) ether, an ethylene oxide (2 mol) adduct of bis(4-hydroxyphenyl)methane, a propylene 
oxide (2 mol) adduct of bis(4-hydroxyphenyl)methane t an ethylene oxide (2 mol) adduct of 4,4'-diphenol, a pro- 
fs pyiene oxide (2 mol) adduct of 4,4'-diphenol v an ethylene oxide (2 mol) adduct of bis(4-hydroxyphenyt)aikane, 
a propylene oxide (2 mol) adduct of bls(4-hydroxyphenyt )alkane, an ethylene oxide (2 mol) adduct of bis(4-hyd- 
roxyphenyl) ketone, a propylene oxide (2 mol) adduct of bis(4-hydroxyphenyf) ketone, etc., are particularly pre- 
ferred from the viewpoint of the preparation of polymer. 

In the copolyester constituting the present invention, it is necessary to use as a starting compound at least 

20 one comonomer selected from the above-described group, and the molar content of the comonomer based on 
the whole structural units should be 2 to 25 molar %, particularly preferably 5 to 20 molar %. When the molar 
content is less than 2 molar % t the crystallization rate of the copolyester Is so high that it becomes difficult to 
prepare a sheet having a low crystallinity and, at the same time, the thermofbnmabaity is remarkably lowered 
due to a small difference between the glass transition temperature and the cold crystallization temperature. On 

25 the other hand, when the molar content is larger than 25 molar %, the relative crystallinity of the container pro- 
duced by thermofbrming Is remarkably lowered, so that the lowering in the mechanical strengths and heat dis- 
tortion properties becomes significant 

The above-described co polyesters can be prepared by interracial polycondensation, melt polymerization, 
solution polymerization, etc, through the utilization of known condensation reaction and intersterification reac- 

30 tion. It is possible to prepare a product having a higher degree of polymerization by the solid-phase polymeri- 
zation wherein the resultant resin is heat-treated under a reduced pressure or in the presence of an inert gas. 

The intrinsic viscosity of the copolyester resin is preferably 0.7 or more from the viewpoint of the moldabaity. 
Hie intrinsic viscosity mentioned herein refers to one measured in o-chlorophenol at 25°C. 

A sheet which is lowly crystalline, transparent and nonoriented can be prepared by drying the copolyester 

35 resin prepared by the above-described process at a temperature of preferably 90 to 150°C for 3 hr or more, 
particularly preferably 5 hr or more, extruding the dried resin at an extruding temperature of 170 to 270°C Into 
a sheet by means of an extruder provided with a T-die and bringing the sheet into contact with a casting drum 
( chill roil) for rapid cooling. When the Tec of the sheet is below 30°C, not only it becomes difficult to prepare 
a transparent sheet having a low crystallinity but also the therrnofbrmabflity is remarkably spoiled because the 

40 crystallization of the sheet eas fly proceeds at room temperature. For this reason, the Tec is preferably 30°C or 
above from the practical viewpoint particularly preferably 40°C or above. 

Some description will now be made on a preferred thickness of the sheet When the thickness of the sheet 
is too large, only the surface becomes transparent when being cooled rapidly and the inside of the sheet is 
gradually cooled to bring about whitening. Further, when such a sheet is thermoformed, the thermoformability 

45 . is remarkably spoied due to poor shareabiiity. When the thickness of the sheet is excessively small, the 
mechanical strengths of the sheet per se cannot be exhibited, so that the excellent practical effect is reduced. 
Therefore, the thickness of the sheet is preferably 0.05 to 2.00 mm, stiH preferably 0.10 to 1.00 mm. After the 
preparation of a sheet through rapid cooling, the sheet may be stretched mcnoaxiaity or bfaxialty at a low stretch 
ratio so as to have a predetermined thickness, but an unstretched sheet is preferred. 

so In the present invention, the sheet is matured after extrusion at a temperature selected so as to meet a 
requirement represented by the fbflowing formula (1). The maturing is conducted by a method wherein the sheet 
is immersed in a heating medium at a predetermined temperature, such as hot water, a method wherein the 
sheet is heated in a drier at a predetermined temperature, a method wherein hot air is blown against the sheet 
and a method wherein use is made of radiant heat such as infrared radiation. 

55 xa i Tec (°C) U> 



wherein Ta b the maturing temperature (°C), and 
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Tec is the cold crystallization temperature (°C) of the resin as measured at a temperature rise rate of 
10°C/min by differential thermal analysis according to JIS K7121. 

When the maturing temperature is above Tcc(°C). the sheet unfavorably becomes opaque due to rapid 
crystallization. The time necessary for maturing varies depending upon the kind of the alkytene oxide adduct 
of a bis phenol compound introduced into the copoiyester resin, the content of the alkylene oxide adduct, the 
maturing temperature, and the thickness of the sheet The higher the content of the comonomer introduced, 
the lower the maturing temperature or the larger the thickness of the sheet, the longer the necessary maturing 
time. 

However, when the maturing time is too long, the crystallization of the sheet proceeds so remarkably that 
the sheet brings about a necking phenomenon or the like during thermofbrming. This unfavorably leads to poor 
shareabOtty, variation of the thickness, etc. For this reason, the maturing should be conducted so that the sheet 
after the maturing satisfies a requirement represented by the following formula (2): 

UHcc) a I 5 (J/g) (21 

15 

wherein (AHcc), is the quantity of heat (J/g) of cold crystallization of the sheet after maturing as measured at 
a temperature rise rate of 10°C/min by differential thermal analysts according to JIS K7121. 

Preferably: 

(AHcc). S 7 (J/g). 

20 When the maturing temperature is low, the maturing should be conducted for a very long period of time, 
which is unfavorable from the viewpoint of productivity. The maturing temperature is preferably 30°C or above. 

The maturing time, for example, for a 0.3 mnvthick sheet prepared from a PBT copoiyester containing as 
a comonomer 10 molar % of an ethylene oxide (2 mo!) adduct of bis(4-hydroxyphenyt) surfone is preferably 
about 2 min at 60°C, about 30 min at S0°C, about 8 hr at 40°C, about 120 hr at 35»C, and about 1500 hr at 

25 30°C. 

In the maturing treatment the temperature may be kept constant varied at two or more stages or continu- 
ously varied as far as the above-described requirements represented by the formulae (1) and (2) are satisfied. 

Once the sheet is matured at a temperature selected so as to meet the requirement represented by the 
formula (1) for a period of time satisfying the requirement represented by the formula (2), it Is subjected to the 
30 conventional mermcforrning to form a container having a desired shape. The term thermoforming - used in the 
present invention is a general term for the conventional forming methods such as vacuum forming and pressure 
forming. Examples of the forming machine used include a vacuum forming machine, a pressure forming 
machine and a universal forming machine wherein use is made of both of vacuum and pressure. 

In the thermoforming, the sheet is preheated at a temperature above the glass transition point (Tg) for sof- 
as tening and then rapidly brought into dose contact with a mold in a vacuum or under elevated pressure for shap- 
ing. When the preheating temperature for softening the sheet is above the cold crystallization temperature (Tec), 
the crystallization of the sheet proceeds so remarkably that the shareabiTrty becomes poor and the thickness 
becomes variable. Therefore, the preheating temperature is preferably below Tec. 

The temperature of the mold during forming is represented by the following formula (3). The mold is a cavity 
40 mold brought into dose contact with the sheet for shaping and crystallization of the sheet 

Tec + 2 i Tb i Tffl - 2 ( P C) (3) 

wherein Tb is the cavity mold temperature (°C), 

Tec is the cold crystallization temperature (°C) of the resin as measured at a temperature rise rate of 
10°C/min by differential thermal analysts according to JIS K7121, and Tm is the melting point (°C) of the resin 
as measured at a temperature rise rate of 10*C/rnin by differential thermal analysis according to JIS K7121. 
The temperature is preferably: 
(Tec ♦ 1 0 S Tb 3 Tm - 1 0 (*Q). 

When the cavity mold temperature is below Tec plus 2°C, unfavorably it becomes difficult to produce a con- 
tainer having a high crystalMnity and the heating takes too long a time. On the other hand, when the temperature 
is raised, the treating time can be shortened. However, when the temperature is very dose Id the melting point 
the shapeabflity remarkably lowers and the sheet partially melts due to heterogeneous heat treatment For the 
reason, the temperature is preferably below Tm minus 2*C. 

The forming under the above-described conditions enables crystallization to proceed while maintaining the 
transparency, so that the resultant container has a high crystailinity and can maintain the transparency even 
in a heating atmosphere of a high temperature. 

The relative crystailinity (CR) of the transparent crystalline container after maturing is preferably 50% or 
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more. The term "relative crystal! inity" used herein is intended to mean a value determined by the DSC method 
which will be described below. When the relative crystaiiinity is less than 50%, the heat resistance at a high 
temperature remarkably lowers. Therefore, the relative crystaiiinity of the final product is preferably 50% or more 
from the practical viewpoint The prevent invention has enabled such a container to be provided. 

5 The transparency of the container may be evaluated by haze value. The haze value is preferably 20% or 

less and it is preferred from the practical point of view that the container can maintain a haze value of 20% or 
less even when heat-treated at 120°C. The prevent invention has enabled such a container to be provided. 
The haze value is measured with an integrating sphere type HTR meter according to JIS K7105. Trie smaller 
the haze value, the higher the transparency. 

10 It is a matter of course that the copolyester resin used in the present invention may be used in combination 
with a small amount of other thermoplastic resin as an auxiliary component or may be blended with known 
substances generally added to thermoplastic resins, i.e., stabilizers such as ultraviolet absorbers, antistatic 
agents, flame retardants, flame retardation assistants, coloring agents such as dyes and pigments, lubricants, 
plastlcizers, crystallization accelerators, nucleating agents, inorganic fillers, etc., according to the purposes, 

15 so far as the effect of the present invention is not inhibited. 

[Effect of the Invention] 

As is apparent from the foregoing description, the container produced by the process of the present inven- 
20 tion has the following excellent effects: 

1 ) by virtue of its highly crystaiiinity, i.e.. a crystaiiinity of as high as 50% or more, the container has a high 
heat resistance, i.e., has a heat distortion resistance and can maintain a haze value of 20% or less even 
in a heating atmosphere atabout 120°C, which renders the container advantageously usable as a container 
of foods for cooking in a microwave oven (ovenabie trays), boiMn-pack, etc*, particularly as a cooking corn 

25 tainerwherein the contents can be observed from the outside thereof, and further it is suitable as a container 
which should be heat-sterilized or a container into which a material should be poured at a high temperature, 
and 

2) since the transparency has been imparted without detriment to the mechanical properties, the container 
can be used as a protective container wherein the contents thereof can be observed from the outside 

so thereof. 

[Examples] 

The present invention will now be described in more detafl by way of the following Examples, though it is 
35 not limited to these Examples only. 

Measurement conditions for main characteristic values are as follows. 
(1 ) Melting point and cold crystallization temperature: 

They are measured at a temperature rise rate of 1 0'Omin by differential thermal analysis (DSC) according 
toJISK7121. 
40 (2) Relative crystaiiinity: 

The sheet is cut to prepare a sample for DSC measurement and the measurement is conducted through 
the use of a DSC apparatus. The relative crystaiiinity (CR) is calculated by making use of the following equation: 

CR*[(AHm- IaHccI )/ 1 (AHcWiol lx100(%) 
wherein AHm Is the heat of melting (Jig) in the measurement at a temperature rise rate of 10°C/mm; 
45 AHcc Is the heat of transition (J/g) of the cold crystallization peak in the measurement at a temperature 

rise rate of 10°C/min; and 

(AHc)homo & the heat of crystallization (J/g) in the measurement at a temperature fall rate of 10°C/min 
from a molten state of an unmodified PBT homopolymer. 

The crystal melts during the measurement under a rising temperature condition after the cold crystallization 
so has proceeded Therefore the relative crystaiiinity of the sample per se is determined by subtracting the abso- 
lute value of transition of the cold crystallization peak (AHcc) from the absolute value of the heat of melting of 
the crystal (AHm). 

(3) Haze value: 

The haze value of the sheet after rapid cooling and maturing is measured according to ASTM D1 003. The 
55 haze value of the formed article Is measured in the same manner as that described in connection with the 
measurement of the haze value of the sheet except that part of the side of the container is cut 

(4) Quantity of heat in cold crystallization: 

The sheet Is cut to prepare a sample for DSC measurement and the measurement is conducted at a tenv 
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perature rise rate of 10°C/m in with a DSC apparatus by differential thermal analysis (DSC) according to J IS 
K7121. 

(5) Forming shrinkage: 

The forming shrinkage (X,) is calculated through the use of the following equation: 
5 X^IVm-VJ/VMJxIOOW 

wherein V 0 Is the internal volume of a formed article 
in a cup form, and 

V M Is the Internal volume of a cavity moid. 

(6) Filling shrinkage: 

10 The filling shrinkage (XJ Is calculated through the use of the following equation: 
X a = ry c -V F )/VJx100<%) 
wherein V c is the internal volume of a formed article 
in a cup form, and 

V> is the internal volume of a formed article in a cup form after the cup is filled with hot water at 90°C 
1 5 and then allowed to stand for cooling to room temperature. 

(7) Heat shrinkage: 

The filling shrinkage (Xj) is calculated through the use of the following equation: 
X,»[(V 0 -Vh)/VJx100(%) 
wherein V 0 Is the internal volume of a formed article 
20 in a cup form, and 

V M is the internal volume of a formed article in a cup form after the cup is placed in a blast drier at 120°C 
for 10 min. 

(8) Haze value and relative crystallinity after heating the container 

A formed article In a cup form is placed in a blast drier at 120°C for 10 min, part of the cup is cut and the 
25 haze value and the relative crystallinity are determined according to ASTM D1003 under the same condition 
as that described in the above item (2), respectively. 

Production Example 1 (Synthesis of polyester A) 

30 A reactor provided with an agitator and a dtsb'fling tube was charged with 293.5 parts by weight of dimethyl 
terephthalate, 258.8 parts by weight of 1 ,4-butanediol and 23.9 parts by weight of ethylene oxide (2 moi) adduct 
of 2£-bis(4-hydroxyphenyi)-propane together with a predetermined amount of tetra butyl titanate as an interes* 
terifi cation catalyst, and the reactor was sufficiently purged with nitrogen. The temperature was raised to 1 60°C 
under atmospheric pressure, and agitation was started. Further, the temperature was gradually raised to distal 

35 off methanol formed as a by-product When the temperature reached 240*0, the reactor was gradually 
evacuated and the agitation was continued under a pressure of 0.2 Torr for 2.5 hr, thereby preparing an inter- 
polyester resin having an intrinsic viscosity of 0.92. 

The percentage introduction of the comonomer was determined by , H-NMR measurement wherein use was 
made of trifluoroacetie add-dt as a solvent Then the polyester resin was pelletized and subjected to a solid 

40 phase polymerization In a nitrogen stream at 1 90*C to prepare a polyester having a high degree of polymeri- 
zation and an intrinsic viscosity of 1 .40. The resultant polyester was subjected to measurements of the above- 
described properties. The results are given in Table 1. 

Production Examples 2 and 3 (Polyesters Band C) * 

45 

Coporyester resins having various composition ratios were prepared by polymerization in the same manner 
as that of Production Example 1, except that the amount of addition of 1 ,4-butanediol and ethylene oxide (2 
md) adduct of 22-bis(4~hydroxyphenyl)-propane was varied as specified in Table 1. The resultant polyesters 
were subjected to a solid phase polymerization in the same manner as that of Production Example 1, and the 
so properties of the polyesters were measured. The results are given In Table 1 . 

Production Examples 4 to 8 (Polyesters D to K) 

Various co polyester resins were prepared by polymerization in the same manner as that of Production 
55 Example 1 , except that ethylene oxide (2 md) adduct of bi^hydroxypherryljrrtethane, ethylene oxide (2 md) 
adduct of bis(4-hydraxyphenyl) ether, ethylene oxide (2 md) adduct of bis(4-hydroxyphenyl) surfone, ethylene 
oxide (2 mcf) adduct of bis<4-nydroxyphenyl) ketone and ethylene oxide (2 md) adduct of 4.4'-[1 ,4-phenyie- 
nebis(1-metrry1ethyiidene)]bisphend were used instead of ethylene oxide (2 moi) adduct of 2£-4is(4*hyd- 
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roxyphenyfy-propane, in respective amounts of addition as specified in Table 1. The resultant polyesters were 
subjected to a solid phase polymerization in the same manner as that of Production Example 1 , and the proper- 
ties of the polyesters were measured. The results are shown in Table 1. 

5 Comparative Production Example 1 (Polyester I) 

Polymerization was conducted by making use of dimethyl terephthalate and 1.4-butanedioJ in starting 
monomer ratios specified in Table 1, thereby preparing a polybutyiene terephthalate resin (PBT). The resultant 
polyesters were subjected to a solid phase polymerization in the same manner as that of Production Example 
10 1, and the properties of the polyesters were measured. The results are given in Table 1. 

Comparative Production Example 2 (Polyester J) 

Polymerization and solid phase polymerization were conducted in the same manner as that of Production 
is Example 1 , except that the amounts of addition of 1 ,4-butanedlol and ethylene oxide (2 mof) adduct of 2£-bis{4~ 
hydroxyphenyOpropane were varied as specified In Table 1, thereby preparing a copofyester. The results of 
measurement of properties are given in Table 1. 

Examples 1 to 3 and Comparative Examples 1 and 2 

20 

tn order to demonstrate the difference in the properties of vacuum-formed articles due to the difference in 
the staring polyester, polyesters A to C and I to J were evaluated under the same T-die sheet forming conditions, 
sheet thickness and thermoforming conditions. Specifically, starting polyesters were dried in a blast drier at 
90°C for 5 hr and then extruded through a T-d7e having a width of 800 mm on a water cooling type cooling roil 

25 Of 25°C. The resultant sheets had a thickness of 0.5 mm. Part of each sheet was cut to determine the haze 
value. Then the sheets were matured in a thermostatic oven at various temperatures for various period of times 
as specified in Table 2, and vacuum forming was conducted under conditions of a plug mold temperature of 
80°C, a cavity mold temperature of 100*C and a forming time of 20 sec to make cups each having a depth of 
45 mm and a diameter of 90 mm. Part of the side of each container was cut to determine the haze value. The 

30 evaluation of the formed articles was conducted by the above-described methods. The results are given in Table 
2. 

Examples 4 to 6 and Comparative Example 3 

35 Preparation of vacuum-formed articles in a cup form and evaluation of the cups were conducted in the same 
manner as that of Example 2, except that the maturing temperature was varied. The results are given in Table 
3. 

Examples 7 and 8 and Comparative Example 4 

40 

Preparation of vacuum-formed articles in a cup form and evaluation of the cups were conducted in the same 
manner as that of Example 2, except that the maturing temperature was varied. The results are given in Table 
4. 

45 Examples 9 and 10 and Comparative Example 5 

Preparation of vacuum-formed articles in a cup form and evaluation of the cups were conducted in the same 
manner as that of Example 2, except that the cavity moid temperature was varied. The results are given in Table 
5. 

so 

Examples 11 to 15 

Regarding polyesters O to H, preparation of vacuum-formed articles in a cup farm and evaluation of the 
cups were conducted in the same manner as that of Examples 1 to 3, except that the cavity mold temperature 
55 was varied. The results are given in Table 6. 
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Claims 

1. A process for producing a transparent container, characterized by melt-molding a copdyester resin com- 
prising 75 to 98 molar % of repeating units of an ester of terephthalic acid with 1,4-butanediol with the 
balance mainly comprising repeating units of an ester of terephthalic acid with an aJkyiene oxide adduct 
of a bisp henol compound, rapidly cooling the molding to prepare a sheet having a low crystaJlinfty, maturing 
the sheet at a temperature selected so as to meet a requirement represented by the following formula (1) 
to prepare a sheet satisfying a requirement represented by the following formula (2) and subjecting the 
sheet to thermoforming through the use of a cavity mold at a temperature falling within a range represented 
by the following formula (3): 

Ta S Tec (° c ' 
(AHcc) a * 5 W/g) 
Tec + 2 i Tb < Tm - 2 (°C) 

wherein Ta is the maturing temperature (•C) # 

Tb Is the cavity mold temperature CC), 

Tec is the cold crystallization temperature (*C) of the resin as measured at a temperature rise rate 
of 10°C/rnin by differential thermal analysis according to J1S K7121, 

Tm is the melting point (°C) of the resin as measured at a temperature rise rate of 1 0°C/min by dif- 
ferential thermal analysis according to JIS K7121, and 

(AHcc), Is the quantity of heat (J/g) of cold crystallization of the sheet after maturing as measured 
at a temperature rise rate of 10°C/min by differential thermal analysis according to JIS S K7121. 

2. A process for producing a transparent polyester container according to daim 1. wherein the Intrinsic vis- 
cosity of the copolyester resin Is 0.7 or more. 

3. A process for producing a transparent polyester container according to any one of daim 1 and 2, wherein 
the sheet Is prepared by the T-dle process. 

4. a process for produdng a transparent polyester container according to any one of claims 1 to 3, wherein 
the thickness of the sheet is 0.05 to 2.00 mm. 

5. A transparent polyester container produced by the process according to any one of danms 1 to 4, which 
has a relative crystalllnity of 50% or more and, in a heating atmosphere of 120°C t has a heat distortion 
resistance and maintains a haze value of 20% or less. 



(1) 
(2) 
(3) 



15 



BP 0 449 580 A1 



3 



European Palest 
Office 



EUROPEAN SEARCH REPORT 



EP 91 30 2633 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Cat retry 



Citation of 



Relevant 



ossification of the 

APPLICATION (1st, a 5) 



DATABASE WPI, no. 78-71568A [40], 
Oerxent Publications Ltd, London, G8; & 
JP-A-53 099 296 (TORAY) 30-08-1978 

0ATABASE VPIL, no. 82-38155E [19], 
Oerwent Publications Ltd, London, G8; & 
JP-A-57 055 922 (TEIJIN) 03-04-1982 

DATABASE WPIL, no. 85-108015 [18], 
Oerwent Publications Ltd, London, G8; & 
JP-A-60 052 337 (T0Y0B0) 25-03-1985 

FR-A-2 174 131 (CIBA-GEIGY) 



1-5 



1-5 



1-5 



Tbc fttmax murch rep art has toca drawa Of f«r aO thaw 



8 29 C 51/00 
B 65 0 65/38 
B 29 K 67:00 
B 29 K 105:32 



// 



TEO<NtGU.nELM 
SEAJtCHXS (toL Oi) 



3 29 C 
B 65 0 



THE HAGUE 



20-06-1991 



ATTALLA G. 



CATEGORY OF CXTTD DOCUMDCTS 

X : atnteBUily fattaaa* W takta aft** 

Y : partotfariy latavaaf tf e 

taf taai 
A : wctaHfJcri tatty 
0:i 
P: 




T : taaoiy or pri*dpU ta4«riy1at ta« 
t : aarUar tataat aacanaat, bat paUhaa* 

iftw ta« flUa* *«• 
O : iataawal dtai la ta« tffiltxtkm 



A : Mkt of taa mn aattst 



16 



